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2  SNP 
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2 C2C12

Goto K et al 2003; Lecker 
SH et al 2004

Janssen I et al 2002

Handschin C et al 2008
65

Bock JO et al 2016; Janssen I et al 2004

Adipo
AdipoR

Yamauchi T et al 2007; Yamauchi T et al 2003 Adipo
AdipoR1 AdipoR2

Kadowaki T et al 2005
Adipo 

Menzaghi C et al 2018; Woodward L et al 2017
Adipo

Huang C et al 2015; Gotoda T 2016; Loncar G et al 2013 Adipo

AdipoR Adipo Goto A et al 2013; 
Delaigle AM et al 2004 Adipo

Goto A et al 2013 Adipo
Adipo AdipoR

Adipo AdipoR
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Goto K et al 2003; Goto A et al 2013; Sandri M 
et al 2004 Adipo Adipo

AMP AMPK
Høeg LD et al 2013; Yamauchi T et al 2002

Adipo

Adipo
AdipoR AdipoRon

Adipo AdipoR

A. 
C2C12

NIH Bethesda MD

A2014002 A2015002 A2016004 A2017007

10
100 C57BL/6J 12 

50

B. 
1. C2C12 AdipoRon
1) 

BioCoat 12 Corning
New York USA C2C12
DMEM high glucose + 10% fetal bovine serum 24 2

C2C12 80% 
DMEM low glucose + 2% horse serum C2C12 

5 1 mRNA siRNA
24 5
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2) RNA
24 LipofectamineTM RNAiMAX Thermo 

Fisher Scientific Waltham MA RNA
siRNA C2C12 siRNA

Egawa T et al 2014 Lipofectamin/ 
siRNA C2C12 24

siRNA AdipoR1 AdipoR2 5 nM
AdipoR1 AdipoR2 10 nM
siRNA 24 DMEM low glucose + 2% horse serum

1
1 AdipoR1 siRNA siAdipoR1 5'-

CAGGGATTGCTCTACTGATTA-3' 2 AdipoR2
siRNA siAdipoR2 5'-CAGGCCCATCATGCTATGGAA-3'

siRNA siScramble All Stars Negative Control siRNA Qiagen Hiden
Germany siRNA RT-PCR

siRNA AdipoR1 AdipoR2 mRNA
76 90 Supplemental Fig 1

3- GAPDH
siRNA 4390849 SilencerTM Select GAPDH positive control Thermo Fisher Scientific

GAPDH mRNA 90 Supplemental Fig 
2 siRNA

3) AdipoRon
Adipo AdipoR AdipoRon AdipoGen Life 

Sciences San Diego CA C2C12  AdipoRon
AdipoR AMPK Adipo

Høeg LD et al 2013; Okada-Iwabu M et al 2013 5 AdipoRon
36 C2C12 AdipoRon

dimethyl sulfoxide DMSO AdipoRon 0 5
10 20 36 AdipoRon

2. AdipoRon
AdipoRon C57BL /6J 

10 n = 7 AdipoRon n = 5
2
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Okada-Iwabu M et al 2013 DMSO
AdipoRon 50 mg/kg AdipoRon

AdipoRon AdipoRon
Adipo Okada-Iwabu M et 
al 2013 AdipoRon 1 1 3 4

DMSO 0.75 3
SOL PLA

-

3. Adipo AdipoR
10 n = 5

100 n = 5 C57BL /6J
SOL EDL

Goto A et al 2013; Egawa 
T et al 2014 CelLytic MT Sigma-Aldrich St. Louis USA

Protease/ Phosphatase Inhibitor Cocktail Cell Signaling Technology Danvers USA
C2C12

15,000 g 15 

15,000 g 15 Goto A et al 2013
Bradford Protein Assay 

Kit Bio-Rad Hercules USA Goto A et al 2013; Egawa T et al 2014

C
1

Surface sensing of translation SUnSET
Schmidt EK et al 

2009 30 100 
puromycin 0.04 Puromycin
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2

3
Goto A 

et al 2013; Egawa T et al 2014 Laemmli
 [30% v/v glycerol 5% v/v 2-mercaptoethanol 2.3% w/v

sodium-dodecylsufate 62.5 mM Tris-HCl 0.05% w/v bromophenol blue BPB pH 6.8] 
5 

SDS SDS-PAGE
SDS-PAGE 0.5% SDS 10%

15% 10 µg
20 mA 140 

Bio-Rad Precision Markers Bio-
Rad Laboratories Hercules CA

SDS-PAGE polyvinylidene difluoride PVDF 0.2 µm
Bio-Rad 100 V 60 PVDF ECL blocking 
reagent RPN418 GE  Healthcare 1

Ponceau S  [Adipo ab22554 Abcam Cambridge
UK AdipoR1 GTX104770 GeneTex Irvine CA AdipoR2 14361-1-AP Proteintech
Rosemont IL AMPK 2532 Cell signaling Technology ubiquitin SPA-200 Enzo life 
sciences NY puromycin MABE343 Merck Darmstadt Germany 2531
Cell Signaling Technology GAPDH 2118 Cell Signaling Technology -

4967 Cell Signaling Technology ] 4 0.1
Tween20 TBS-T pH 7.5 IgG 7074 Cell 
Signaling Technology IgG 7076 Cell signaling Technology
IgG2a ab98698 abcam 1  TBS-T

GE Healthcare Light-Capture AE-6971 ATTO Corporation Tokyo
Japan ImageJ

4 RT-PCR
AdipoR1 AdipoR2 mRNA real-time 

reverse transcription-polymerasechain reaction RT-PCR
Goto A et al 2013; Egawa et al 2013  RNeasy Mini Kit Qiagen 

GmbH RNA RNA Prime Script RT 
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Master Mix complementary DNA cDNA
cDNA Thermal 

Cycler Dice®Real Time System II MRQ
RT-PCR CT Takara Termal Cycler 
Dice Real Time System Software Ver. 4.00

GAPDH GAPDH

adiponectin -
TTCTGTCTGTACGATTGTCAGTGG- forward -
GTCATCTTCGGCATGACTGG- reverse , AdopoR1 -CTGGGCATCTCTGCCATCA-

forward -CTTGACAAAGCCCTCAGCGATA- reverse AdipoR2 -
ATCAGCAGCCAGACGACTC- forward -
TGACCAGTCCCAAAGACCTCTACTC- reverse GAPDH -
TGTGTCCGTCGTGTGGATCTGA- forward -
TTGCTGTTGAAGTCGCAGGAG- reverse

5
C2C12 Egawa T et al 2014

4
150 ImageJ 

3 
1

6
 SOL  PLA LEICA 

CM 1510S

H E
CSA Kojima A et al 2007; Koya T et al 2013

D
± SEM

Tukey Fig. 1B 2 3
Fig 4 CSA Fig 5 puromycin

Fig 6 AMPK Fig 7 Student t-test
Fig 8 Student t-

test Fig 9 10 Tukey
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 Supplemental Fig 1 2
Tukey p<0.05

E. 
COI 

. 

1 C2C12  AdipoRon
Fig 1 C2C12  AdipoRon  C2C12

AdipoRon Fig 
2  AdipoR1  AdipoR2
AdipoRon C2C12

C2C12 AdipoRon Fig 
1B p <0.05 AdipoRon 0 5

10 AdipoRon p<0.05 Fig 1B AdipoRon 
 AdipoR1  AdipoR2 

Fig 1B p<0.05 siScramble
AdipoR1  AdipoR2 

AdipoR1 p<0.05 AdipoR2 p<0.05 AdipoR1 R2 p<0.05
C2C12 AdipoRon

Fig 2B 2D p<0.05 AdipoR 
 C2C12 

Fig 2A 2C AdipoRon C2C12 
 AdipoR1  AdipoR2 

Fig 2B 2D
p<0.05  AdipoRon  20  siScramble
siAdipoR AdipoR1 p<0.05 AdipoR2 p<0.05 AdipoR1

R2 p<0.05
AMPK AdipoR Høeg LD et al 2013; 

Yamauchi T et al 2002 Egawa T et al 2015
C2C12  AMPK 

AdipoRon  AMPK  AdipoRon 
Fig 3  AMPK  20 

AdipoRon 5  10  AdipoRon
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 AdipoR1  AdipoR2  C2C12 
 AdipoRon  AMPK 

2 AdipoRon 
 AdipoRon 

 AdipoRon  in vivo 
 AdipoRon PLA

Fig 4B
4C p<0.05 SOL  AdipoRon 

Fig 4A SOL  PLA 
H E Fig 5A PLA  CSA  AdipoRon 

Fig 5B SOL  CSA AdipoRon 

SUnSET SOL  PLA
Fig 6A 6B AdipoRon

 PLA  SOL
 AdipoRon 

AdipoRon 
p<0.05 Fig 6B  SOL  PLA  AMPK 

 AdipoRon  AMPK 
 AdipoRon Fig 7

3 Adipo AdipoR
 SOL EDL  Adipo  AdipoR

Fig 8 p<0.05 SOL Adipo
EDL p <0.05 Fig 9A  Adipo

EDL p<0.05 SOL
Fig 9B 9C  SOL EDL AdipoR1
AdipoR2 AdipoR1 SOL
EDL p<0.05 AdipoR2 SOL EDL

 AdipoR1  SOL
p<0.05 EDL AdipoR2

p<0.05  AMPK
SOL  AMPK

EDL p<0.05  AMPK  EDL 
Fig 10 p<0.05
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. 
AdipoR AdipoRon  C2C12

 SOL  PLA 
AdipoRon AMPK C2C12

AdipoRon C2C12
AdipoR1 AdipoR2

AdipoRon PLA
SOL AdipoRon PLA

SOL AMPK AdipoRon
Adipo EDL SOL

EDL Adipo AMPK
SOL SOL EDL AdipoR1

AdipoR2
AdipoRon C2C12

PLA
CSA C2C12 AdipoRon

Adipo C2C12 Fiaschi T et al 
2009 Adipo C2C12

Fiaschi T et al 2009 2
C2C12 AdipoR

AdipoRon 2

AdipoR1 AdipoR2
AdipoRon C2C12

AMPK AdipoR1
AdipoR2 Adipo C2C12

AMPK Fiaschi T et al 
2009 AMPK C2C12

Høeg LD et al 2013 AdipoRon
AdipoRon

AdipoRon AdipoR-AMPK

Adipo
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Huang C et al 2015; Gotoda T 2016; Loncar G et al 2013
Adipo

AdipoRon

Adipo
Lecker SH et al 2004 Adipo

Delaigle AM et al 2004; Ouchi N et al 2011 Adipo

AdipoRon PLA
SOL

AdipoRon AMPK
AdipoRon AdipoRon

AdipoRon
EDL Adipo SOL

EDL Adipo SOL
AdipoRs

Adipo
EDL Adipo

Adipo Delaigle AM et al 
2004; Ouchi N et al 2011

Adipo
Goto A et al 2013 Adipo

EDL
AMPK SOL

Gonzalez AA et al 2004
Adipo

. 
AdipoRon AdipoR-AMPK C2C12

AdipoRon
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PLA
SOL AdipoRon

Adipo
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Fig 1. AdipoRon AdipoR
C2C12

A: AdipoRon AdipoR C2C12

B AdipoRon AdipoR C2C12

AdipoRon 0 5 10 20 
siScramble siRNA siAdipoR1: AdipoR1 siRNA siAdipoR2
AdipoR2 siRNA siAdipoR1+R2 AdipoR1 AdipoR2 siRNA
Mean±SEM n = 5 ( n=5)

p<0.05
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Fig 2. AdipoRon AdipoR C2C12
1

A: 0 µM AdipoRon AdipoR

B: AdipoRon AdipoR
C: 0 µM AdipoRon 1 AdipoR

D: AdipoRon AdipoR 1

AdipoRon 0 5 10
siScramble siRNA siAdipoR1 AdipoR1 siRNA siAdipoR2
AdipoR2 siRNA siAdipoR1+R2 AdipoR1 AdipoR2 siRNA
Mean±SEM n = 5 ( n=5) Tukey

p<0.05
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Fig 3. AdipoRon AdipoR AMP
AMPK

AdipoRon 0 5 10
siScramble siRNA siAdipoR1 AdipoR1 siRNA siAdipoR2
AdipoR2 siRNA siAdipoR1+R2 AdipoR1 AdipoR2 siRNA
Mean±SEM n = 5 ( n=5) Tukey

p<0.05
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Fig 4. AdipoRon
A
B SOL PLA
C SOL PLA
CON Adipo AdipoRon n = 7 AdipoRon n =5 Mean

SEM * p<0.05
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Fig 5. AdipoRon CSA
A SOL PLA H E
B SOL PLA CSA 
CON Adipo AdipoRon n = 3 AdipoRon n =3 Mean

SEM * p<0.05
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Fig 6. AdipoRon Puromysin

A Puromysin
B
CON Adipo AdipoRon n = 7 AdipoRon n =5 Mean

SEM * p<0.05
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Fig 7. AdipoRon AMP AMPK

SOL PLA
CON Adipo AdipoRon n = 7 AdipoRon n =5 Mean

SEM * p<0.05
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Fig 8. SOL EDL

young 10 old 100

n = 5 Mean SEM * p<0.05
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Fig 9. SOL EDL

A
B 1 AdipoR1
C 2 AdipoR2
young 10 old 100

n = 5 Mean SEM 2 Tukey

* p<0.05
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Fig 10. SOL EDL
AMP AMPK
A
B 1 AdipoR1
C 2 AdipoR2
young 10 old 100

n = 5 Mean±SEM 2 Tukey

* p<0.05
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Supplemental Fig 1. AdipoR siRNA

A AdipoR1 AdipoR1 mRNA
B AdipoR2 AdipoR2 mRNA
C AdipoR1 AdipoR2 AdipoR1 mRNA
D AdipoR2 AdipoR2 AdipoR2 mRNA

Control mock-transfection siRNA
siScramble siRNA targeting siRNA AdipoR1 AdipoR2

siRNA

n = 5 Mean±SEM, * p<0.05
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Supplemental Fig 2. Glyceraldehyde 3-phosphate dehydrogenase GAPDH
siRNA

Control mock-transfection siRNA
siScramble siRNA targeting siRNA AdipoR1 AdipoR2

siRNA

n = 5 Mean±SEM, * p<0.05
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3 SNP

17
Bower M et al 2011; Cunningham EP et al 2001; Hill EW et al 2002

50 180 ml / / kg
Jones JH et al 1993

TGF-
Steelman CA et al 2006;  

Murphy KT et al 2010
Hill EW et al 2010; Tozaki T et al 2011

Hill EW et al 2010; Tozaki T et al 2011; Tozaki T et al 2011
18 g.65809482T> C

g.65868604G> T g.66493737C> T g.66539967A> G 4
SNPs g.66493737C> T 1

SNP
McCroskery S et al 

2003

Bower MA et al 2012

Yamano S et al 2005
Smith RK et al 1999; Kasashima Y et al 2002

1.5

g.66493737 T/T
C/T C/C mRNA
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1
JRA 

 27 1.5 
PCR  SNP 27  T/T T/C 

C/C  3  SNP  n = 9
3 m x 3.5 m 

 10 1  6 1 2 ha 1 2  4kg /
JRA  10 NOSAN 

5  2 
kg / 2 kg /  5 kg /  1  4 

1  2  3  4 1 
1  2 

 1600 m  500 m  9.0 m / 
5.5 1000 m  10 m /  2 

 2  7.7  9.0m /  2400 m 
2 3 1  2 

 800 m  10.0 12.5 m / 
 1000 m 2  4 

2400 m  7.7 9.0 m / 
 2400 m 

1  4  1 

2. 
20 mg  5 

2  1 
 2cm  5 cm 18 G  9 cm 

SuperCore Biopsy Instrument Argon Medical Device Japn
Kasashima Y et al 2002

 14  mRNA 
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3. 
Yamano S et al 2005

Leica CM510 Nussloch Germany
7 RT

 0.1 M PBS pH 7.6  1 Millipore-
Chemicon Billerica MA USA  10 1

MHC -IIa  IIx SIGMA
St. Louis USA; 1:4000 2 MHC-IIa  SC-71 Developmental 
Studies Hybridoma Bank Iowa USA; 1:1000

HRP Bio-Rad Hercules CA
USA; 1:1000 IgG 3

HRP  DAB diaminobenzidine 
tetrahydrochloride Bio-Rad

E600 DS-U1
 I IIa  IIx 

% CSA  50 

4. RNA  RT-PCR 
TRIzol Invitrogen Carlsbad CA USA  RNA

TURBO DNase Ambion Austin TX USA  Exscript TM RT 
Takara  cDNA Kawai M et al 2013

 RT-PCR Applied Biosystems 
Japan  mRNA 

 1  A/A 
 glyceraldehyde-3-phosphate dehydrogenase GAPDH mRNA 

1  PCR Primer 
Express® Applied Biosystems
FASMAC

5. 
Mean±SEM

SNP ANOVA  Bonferroni  t-test 
 p<0.05 
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1. 
 T/T C/T C/C 444 ± 8.4 kg 438 ± 

6.8 kg 470 ± 6.5 kg  467 ± 7.8 kg 452 ± 6.2 kg  486 ± 7.4 kg 
Table 2 T/T  5.0% C/T 

3.2% C/C  3.5
C/C 2

2. 
 I IIa  IIx 

%  CSA m2 Table 2

 IIx 
T/T 

 CSA 
 IIx  CSA 

C/C 

3. mRNA
1

Pax7 paired box transcription factor-7 MyoD myogenic determination 
factor myogenin  HGF hepatocyte growth factor  mRNA  Fig 1a e 

 mRNA C/C 
 Pax7 

T/T 
 MyoD myogenin mRNA 

T/T  C/T  myogenin mRNA 
 HGF mRNA 

C/T 

2
SDHa succinate dehydrogenase subunit a PGC1 peroxisome proliferator-activated 

receptor c coactivator-1a  VEGFa vascular endothelial growth factor-A mRNA 
 Fig 2a c  SDHa mRNA 

 C/C  T/T  SDHa PGC1  mRNA 
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C/C 
 VEGFa mRNA 

T/T  VEGFa mRNA  C/C 

3 MHC
MHC I  II mRNA Fig 3a 3b  MHC 

C/C 
 MHC I MHC II 

 T/T 

 SNP 

 CSA  SNP 
T/T  IIx 

 C/C  mRNA 
 IIx  CSA 

 T/T 
SDHa  PGC1  mRNA 

1  SNP 
Grobet L et al 1997; McPherron AC et al 1997

Mosher DS et al 2007 McPherron AC et al 1997 Clop A et al 2006
Schuelke M et al 2004

Tozaki T et al 2011; Tozaki T et al 2010
 I IIa  IIx Yamano S et al 2005

SNP g.66493737C>T  I 
 IIx 

 IIa 
CC  IIx  IIx 

Petersen JL et al 2013
 SNP 

mRNA SNP 
 SNP  1.5
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 I 
 IIa  IIx 

Yamano S et al 2005; Rivero JL et al 2016
3

C/C  IIx 
 C/C C/C 

Hill EW et al 2010; Tozaki T et al 
2010  mRNA 

Roth SM et al 2003; Hulmi JJ et al 2007 C/C 
 mRNA C/C 

IIx  IIx C/C 
 T/T 

Hill EW et al 2012  SNP 

1  SNP 
Seo S et al 2013; Millar DS et al 2010

 HGF Tatsumi R et al 2002
 Pax7 Reimann J et al 2004

/  MyoD  myogenin Yablonka-Reuveni Z et al 1999; 
Schultz E et al 2006; Wright WE et al 1989

/ C/C  T/T 

Rhoads RP et al 2013; Christov C et al 2007 C/C 
 T/T  VEGF T/T 

2  SNP 
 mRNA SNP 

 SDHa PGC-1  VEGFa  mRNA 

SDHa  PGC-1  mRNA 
T/T T/T  SDHa  VEGFa  mRNA 

 C/C 
T/T 



35 

 ATP 
 T/T  I 

T/T 
 C/T  C/C T/T 

 I 
 SDHa 

 PGC-1 T/T

 I 

 C/C 
Hill EW et al 2010

Steelman CA et al 2006; Ploquin C et al 2012

Murphy KT et al 2010

 SNP 
Schuelke M et al 2004

1

SNP 1

 SNP 
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Table 1 Real-time reverse transcriptional (RT)-PCR primer sequences. 

GAPDH: glyceraldehydes-3-phosphate dehydrogenase, Pax7: paired box transcription factor-7, 
MyoD: myogenic determination factor, SDHa: succinate dehydrogenase subunit a, VEGFa: 
vascular endothelial growth factor-A, PGC1a: peroxisome proliferator-activated receptor c 
coactivator-1a, HGF: hepatocyte growth factor, MHC: Myosin heavy chain. 
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Table 2. Body weight and muscle fiber properties (population and area) before and after training 
of Thoroughbred horses in each genotype (g.66493737C/T: T/T, C/T and C/C genotypes). 

Mean±SEM n = 9

* p<0.05 .
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Fig 1. 
a Pax7 b MyoD c myogenin d HGF e mRNA

1 T/T 1
Mean SEM n=9. 
ö æ p<0.05

: T/T p<0.05
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Fig 2. 
SDHa a PGC-1 b VEGFa c

1 T/T 1
Mean SEM n=9. 
öæ p<0.05

: T/T p<0.05
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Fig 3. 
1 a 2 b mRNA

MHC1 1 MHC2 2. 
1 T/T 1

Mean SEM n=9. 
öæ p<0.05
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4

2

1
2  SNP 

1 Adipo
AdipoR  AdipoRon 

 Adipo  AdipoR 
AdipoRon AMPK C2C12 

 AdipoRon C2C12
AdipoR1  AdipoR2

 AdipoRon 
PLA SOL AdipoRon

PLA  SOL  AMPK 
AdipoRon Adipo EDL

SOL EDL  Adipo  AMPK 
SOL SOL 

 EDL  AdipoR1  AdipoR2 
 Adipo 

 Adipo 
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2 SNP

g.66493737 T/T C/T  C/C 
 mRNA 

SNP T/T  IIx 
 C/C  mRNA 

 IIx 
 T/T 

SDHa PGC1  mRNA 
 SNP 

Adipo  Adipo

SNP
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